SUMMARY Patients with congenital achromatopsia and congenital stationary night blindness have been known to show a transient pupillary constriction to darkness. We examined 50 normal subjects and 108 patients with retinal and optic nerve dysfunction to see if any had an initial pupillary constriction to darkness. We used a new infrared television apparatus. Four patients with congenital stationary night blindness, four with achromatopsia, two with bilateral optic neuritis, and one with dominant optic atrophy showed the phenomenon. In the patients who showed this unusual pupillary response to darkness it was the first observable event every time the lights were turned off. The constriction could usually be seen with a handlight, and it was similar in latency to the normal pupillary dilatation to darkness. Pupillary constriction to darkness is a clinically valuable sign that can be used in the detection of congenital retinal disease in children with poor vision.
Children with congenital stationary night blindness and congenital achromatopsia have been found to have unusual pupillary reactions. When the lights are turned out their pupils briefly constrict before they dilate in the customary way.' 2 Patients with congenital achromatopsia have defective receptor elements and have photophobia, decreased visual acuity, nystagmus, and an abnormal photopic electroretinogram.? On the other hand congenital stationary night blindness represents a miswiring of retinal signals, in which the pigment kinetics are normal. 4 Patients with this condition are night blind and have a reduced scotopic electroretinogram with raised dark adaptation.5h Although differing in their retinal abnormalities congenital stationary night blindness and congenital achromatopsia are somehow linked, since they both show a transient pupillary constriction to darkness. Is this pupillary phenomenon limited to congenital stationary night blindness and congenital achromatopsia? Can it be used to aid in the separation of congenital retinal disease from optic nerve disease in patients with poor vision? To assess the incidence and utility of this phenomenon as a diagnostic sign we compared a group of patients with retinal and macular degenerations, both hereditary and involutional, with patients seen in a neuro-ophthalmic outpatient clinic. All recordings were made with a new infrared television technique. An animal model of congenital stationary night blindness' was also studied.
Subjects and methods
All patients were selected from the Neuro-ophthalmology, Ophthalmic Genetics, and Retina Clinics of the University of Iowa. In addition, patients with congenital stationary night blindness and congenital achromatopsia were recalled for assessment. Patients with other hereditary retinal diseases, including retinitis pigmentosa and Stargardt's disease, and patients with senile macular degeneration also had their pupillary reactions assessed by infrared pupillometry. Patients with demyelinating, compressive, traumatic, endocrine, and toxic optic neuropathies were similarly evaluated. The pupils of 50 normal volunteers were examined by the same technique.
A positive result was defined as a visible pupillary constriction in darkness that was consistently present each time the lights were turned out. This was, of course, much easier to see with the television apparatus, which provided magnified images of the pupils that did not disappear in the dark. The responses were recorded for later analysis.
Patients with darkness constriction of the pupil were also tested by the Farnsworth-Munsell 100 hue test, the Lanthony colour test, and for dark adaptation. Photopic, scotopic, and flicker electroretino-205 Normal pupillary response. Fig. 3 shows the customary dilatation to darkness in three normal patients. The latency of this dilatation is in the 250-300 ms range, and the dilatation begins to level off aftex three seconds. There is no initial constriction. Congenital stationary night blindness patients. Table 2 summarises the data of the patients with congenital stationary night blindness. Four patients showed pupillary constriction to darkness (patients 1-4). Their ages ranged from 10 to 26 years. Five patients aged from 6 to 30 years with congenital stationary night blindness did not show darkness constriction (patients 5-7, 17, 18). Both groups had reduced visual acuity and were night-blind and myopic to a comparable degree. There was no difference in their levels of dark adaptation, and their electroretinograms were of either the SchubertBornschein or the Riggs type.56 In those patients with congenital stationary night blindness whose pupils constricted the constriction was the first observable event after the lights were turned off (Fig. 4) . The average amplitude of pupillary constriction in this group was 1 0 mm, and the mean latency to onset of tVisual evoked potential.
tPositive family history; normal computed tomography studies.
less than one second. The pupillary constriction in this patient was small and best seen with the infrared, television apparatus. Two patients (Nos 12, 13) with the less severe form of achromatopsia, incomplete achromatopsia,3 did not constrict their pupils prior to dilatation and showed pupillary responses that were indistinguishable from normals. Patients with optic nerve disease. Two patients with bilateral optic neuritis and one patient with dominant optic atrophy were found to show pupillary constriction to darkness (Table 4, Fig. 6 ). The mean latency of the response was 280 ms. The average amplitude of constriction was 07 mm and mean duration 1-4 s. All three patients had normal electroretinograms and dark adaptation thresholds. The amplitude and the duration of constriction were less in the patients with optic nerve disease than in the patients with retinal disease. Twenty-one other patients with optic neuritis and seven other patients with dominant optic atrophy were also evaluated with our infrared apparatus, but showed no constriction to darkness. When patients with optic neuritis who showed constriction and those who did not were compared, there was no difference in visual acuity, visual fields, colour vision, or visual evoked potential.
Pearl mutant mice.7 Six Pearl mice were examined with infrared pupillometry. Their pupils promptly dilated to darkness. There was no initial pupillary constriction.
Discussion
Characteristics of the phenomenon. In the patients who showed the phenomenon the pupillary constriction was very much as described by Barricks etal Age of the patients with retinal disease. We found that the pupillary constriction to darkness was not confined to the very young. Eight of our patients with retinal dysfunction showed the phenomenon. Four of these were older than 20 and two were over 30. Furthermore three patients with congenital stationary night blindness who did not show pupillary constriction were less than 10 years old.
Clinical value of the observation. In most of our patients with retinal disease we were able to see the pupillary constriction by shining a handlight on the face from below and switching the room lights on and off, while the patient fixed his vision on a distant object. In a young child with nystagmus and poor vision, colour vision cannot be tested, and the clinical sign of pupillary constriction to darkness suggests the diagnosis of hereditary retinal disease and demands the appropriate electrophysiological tests.28 Three patients with bilateral optic nerve disease also showed small initial constrictions to darkness of short duration that were difficult to see without the infrared television equipment. So if the darkness constriction is clinically visible, retinal disease should still be suspected.
Mechanism of the phenomenon. Flynn et al. 2 tried to account for the phenomenon in patients with congenital achromatopsia and congenital stationary night blindness by proposing a transient delay in the rod bleaching signal that would allow the small cone bleaching signal briefly to constrict the pupils as the lights were turned off. Yet Alpem et al. 9 found that the rod bleaching signal appeared to be normal in congenital stationary night blindness, but the perception of real light quanta from rods was defectivehence the night blindness. It is difficult to explain a delay in what seems to be an otherwise normal rod bleaching signal. This mechanisms does not explain the phenomenon in optic nerve disease nor does it explain the phenomenon in achromatopsia,~a condition in which the cones are defective and rod function appears to be normal.
The phenomenon of pupillary constriction to darkness remains unexplained. Our observation of the phenomenon in an occasional patient with bilateral optic nerve disease only deepens the mystery. The animal model ofcongenital stationary night blindness that we examined failed to show the phenomenon, so an experimental model of pupillary constriction to darkness has not yet been found.
